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BITUMINOUS | TREATMENTS ON SAND-CLAY AND 
MARL BASES IN SOUTH CAROLINA 

Reported by H. C. JONES, Division Engineer, South Carolina Highway ite Maren and ve L. TARWATER, Assistant Highway Engineer, United States Bureau 
of Public Roads 

COOPERATIVE experimental project was con- 
structed during the summer and fall of 1929 in 
Berkeley County, 8. C., by the State highway 

department and the Bureau of: Public Roads. This 
project, 4.5 miles in length, was built on State route 
No. 46 from its junction with United States Highway 
No. 17 at Moncks Corner to the village of Pinopolis. 

The purpose of the experiments was to obtain infor- 
mation on the following subjects: 

(a) The comparative value of sand-clay and marl as 
bases for bituminous surface treatment. 

(6) The comparative value of various types of bitu- 
minous material for cold application. 

(c) The effect of variously graded aggregates. 
(d) Comparison of the wearing surfaces produced by 

the mixed-in-place method and by ordinary surface 
treatment. 

The project embraced the construction of bituminous 
wearing surfaces by the mixed-in-place and surface- 
treatment methods, using crushed stone of different 
gradings and various bituminous materials. These 
surfaces were constructed upon sand-clay and marl 
bases which had been previously built. 

The bituminous materials used were 8-13 viscosity 
tar, 60-70 and 85-100 penetration asphalts cut back 
with heavy naphtha, 25-35 viscosity tar, and an as- 
phalt emulsion. The aggregate used was crushed 
granite graded as follows: 1% to % inch, % to \% inch, 
5% to 4inch, and %inch to dust. Table 1 gives the types 
and qualities of materials used in the construction of 
the sections. The analyses of the bituminous mate- 
rials, aggregates, and mixes are given in Tables 2 to 7, 
inclusive. 

The road upon which the experiments were built 
carries passenger cars and light trucks mainly but 
also some heavier trucks with trailers carrying rela- 
tively heavy loads of logs or merchandise. A traffic 
count at stations 13 and 92 taken shortly after con- 
struction showed a count of 587 and 320 vehicles daily, 
respectively. 

The area through which the road passes is relatively 
low, and for this reason the water table is rather close 
to the surface of the ground. In spite of this condition, 
fair drainage of the roadway proper is provided. In 
several small areas where the grade is exceptionally 
low French drains were later constructed, extending 
from the edges of the treatments through the shoulders 
to the drainage ditches. 

The marl and sand-clay bases were constructed. by 
contract in the summer and fall of 1928. The bitumi- 
nous wearing surfaces were built by State forces during 
the summer and fall of 1929. 

CONSTRUCTION OF THE MARL BASE 

Two miles of this project were constructed upon a 
marl base, the material for which was obtained from a 
local deposit about 1% miles south of the project. Labo- 
ratory tests show it to have the following characteristics: 

Per cent 

86. 85 to 83. 85 
10. 40 to 14. 55 
Ie onbOmel OD 

Pealchin cearbonate-_ oo. 2 a ee 2 Se Sa Sa 
Silica, alumina, and iron oxides____----------- 
Marnesium carbonate-.-_--.---.--------2o-- 

Cementing value, 133 to 500 plus. 

81677—31——-1 

As prepared for the above test it did not slake in 60 
minutes. 
When taken from the pit the marl is grayish white in 

color, contains considerable moisture, and in this condi- 
tion can be easily broken down with picks or sledges and 
readily worked with a drag, disk, or blade machine. 
As it is homogeneous it compacts uniformly when moist 
and does not laminate but may develop small shrinkage 
cracks while drying or setting up. When dry it is 
white and in sunlight causes an objectionable glare. 
After it is compacted and set up it is very hard and can 
not be machined without wetting. It does not ravel or 
pothole under traffic, but does wear away, as some of 

FIGURE 1.—CHARACTERISTIC SHRINKAGE CrRAcKS DEVELOP- 
ING In THE Maku Basse as It Dries Out anpD HARDENS 

the surface particles are whipped off as dust. Ordinary 
rains do not affect it, but continued rains or trapped 
water held on the surface soften it, allowing it to rut. 
Where the grade is low and where the subsoil is of a 
type permitting capillary moisture, softening of this 
material occurs and results in weakening and failure of 
the surfacing. 

Surface irregularities can not be repaired by the ordi- 
nary patching method when the marl is dry and has 
setup. The new material will harden but will not bond 
to the old surface and will eventually scale off. Scarify- 
ing and reworking seems to be the most satisfactory 
method of surface repair. 

In constructing the marl base side forms were used 
and were spaced 20 to 21 feet apart except for a distance 
of about 500 feet through the business section of Moncks 
Corner where the width was made about 30 feet. The 
forms were set to rough grade, to give a base thickness 
-of approximately 8 inches compacted. The marl was 
dumped between the forms, broken into small pieces 
with picks and.sledges, and then worked with the disk 
harrow and blade machine to develop a uniform mass. 
The material was rolled for compaction, and during this 
operation blading was continued to bring the roadway 
to the proper grade and cross section. 

The marl base was constructed in the fall of 1928, 
which was an unusually wet season, and considerable 
rutting occurred under traffic, which was compelled to 
use the road during construction. The surface was 
machined, but some areas became so badly rutted that 
scarifying and reworking was necessary. 

217 
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TABLE 1.—Types and quantities of materials used in the bituminous construction 

| | 

Stations Base Bituminous mat Seal 

Experi- | Sec- | arg Stone Bituminous material Aver- Bituminous material 
ment tion “3 vo age 
No. No. | Begin- | pnq Type Aver- |V BO thie Pe eo ok 6-44 

ning y aocen Rate of | ness Rate of Bret rf 
oe Coarse | Fine ! Kind appli- com- Description appli- 

cation | pacted cation 

Gals. per| Lbs. per| Lbs. per Gals. per Gals. per| Lbs. per 
Inches| sq. yd. | sq. yd. | sq. yd. sq. yd. | Inches ‘ sq. yd. | sq. yd. 

be aa E® 3 A 0+00 | 13+28 | Marl___--- 9 0, 27 2154 338 60-70 penetration as- 0. 91 1.8 | 60-70 penetration as- 0. 42 30 
phalt cut-back. phalt cut-back, 

B 13+28 | 24+-50 |_-.do___-_-- 10 sO 2 156 36.5 | 85-100 penetration as- 1. 08 1.8 | 85-100 penetration as- . 29 15 
phalt cut-back. phalt cut-back. 

Dine te Sessa es A 3 24+50 39-+-60 }...do_--_-- 8.5 -ol 251805 |\e eee se eae = do0222) 4S . 69 20% |e G0 sie 52— eee . 30 18 
B 39-+-60 | 52-+-00 |...do_-_._- 8 . 29 CET Wael re a 2 ae 25-35 viscosity tar---_- . 89 2.0 | 25-35 viscosity tar_---_- .23 15 
Cc 52+-00 | 66+00 |_-.do____-- 9 . 28 2165 37 Asphalt emulsion -____- EN, 2.3 | Asphalt emulsion _---- 398) 15 

Ct oa MERE 8, 3 79+20 | 92+40 |_..do_____- 9 . 30 4162 38 85-100 penetration as- 1.19 1.8 |isso 2a BA Se ee |e 
phalt cut-back. . 

fh ae eee ee 92+-40 | 105+84 |_-.do_____- 9 . 26 Da HSV fll Sa 5 ae ee ae do. 2 ae age?) 1.8 | 85-100 penetration as- pea, 15 
phalt cut-back. 

Be ee reel e ees. 66-++00 194-20" 1/22 CO Se ees | bane .33 2750S |p eae ees ees = 0S 2 = eee S64. 2222-2 | 5. ee 2k ee ee eee 
Gicce Be | A 105+84 | 119+99 | Sand-clay - i =o) 2171 40 60-70 penetration as- 1.00 2 OReaaee do4 = sk eee . 34 15 

phalt cut-back. 
B 119+-99 | 132+00 |_-.do_-__-- 7 .39 2170 42 85-100 penetration as- 1. 09 2: Odjseess (6 Ka) one moe oe 2 co . 23 15 

phalt cut-back. 
(8 ee Le A 132+00 | 144+20 |___do____-- 6 . 29 ZAM AY toh 4 aoe ee el (Bs dole eee See Bat 20 A eee G0 jn 26c te see BPH) 18 

B 199-70 17°212-F90 122 dos lee nee . 26 GOS oes Sara 25-35 viscosity tar___-- ale 2.0 | 25-35 viscosity tar__-_- 367) 15 
Cc 144+-20 | 158+40 |.-.do______|_-____- . 34 2 165 30 Asphalt emulsion ___-- ave! 2.3 | Asphalt emulsion -_-___- ~ 25 15 

Soc er ese 212+-90 | 226-+-10 |_-.do____--|---__-- . 26 4154 38 85-100 penetration as- 1, 25 1,58 | 32c2 cee eee 
phalt cut-back. 

Oise Se 22671210) 258-4-80 | ae CLO eee | ees Seyi 4 AL 520 eee eters | eee doe eee ad 1.8 | 85-100 penetration as- . 29 14 
phalt cut-back. 

iO eeeee ces | Genome Ses 6 158-+-40 | 199+-70 |--.do_____- 7 -29 |? My and Pass Seu el Peee Ctiprweneeas eS! De We geeeuc|is eet el ot oe | ee 
1 

1 Stone screenings, 4 inch to dust. 5 Includes retreating stations 66-+-00 to 73+-40. 
2 144-inch-}4-inch crushed stone. 6 Deduct 170 linear feet for correction equation. 
3 Deduct 36 linear feet for railroad crossing. 7 Includes original treatment and retreatment. 
4 34-inch-}4-inch crushed stone. 

TaBLE 2.—Analysis of asphalt cut-backs used in the construction 

My peumaterial (7s seer es sae = een eee a eee 85-100 penetra-| 85-100 penetra- | 85-100 penetra- | 85-100 penetra- | 60-70 penetra- | 60-70 penetra- | 60-70 penetra- 
tion tion | tion tion tion tion tion 

(Laboratory INUmb eres aes eee 31933 | 32529 | 32530 32531 31938 32532 32533 F 
ri nlveRMOW APO ERG 1-B, 5,10 | 1-B, 2-A, 3, 8, 10| 2A, 4, 6-A, 9, 10| 3, 4, 6-B, 7—A, 10 6-A 1-A 6-A 

Specific: gravitys2ocj20> Caeser 0. 942 0. 947 0. 943 | 0. 945 | 0. 947 0. 950 0. 949 
Mash polit. o1 © Saeseee eee ee eee ase ee 29.8 28 29 | 25 31.4 29. 60 28. 4 
Wakensing, uedjose Up Cals 4 se ee 61. 58 54.49 | 40. 32 47.71 58. 52 70. 58 65. 61 
Miscosityetngioriat:o0csC === eee eee 34, 21 29.98 | 23.09 | 28. 11 30. 30 37. 30 35. 01 
Percentage loss at 163° C., 5 hours, 50 grams------ 25. 31 24.50 | 24. 74 28.15 | 28. 28 25. 38 27.69 
Penetration of residtie, 25°) © eae 2s ee ee eee 104 114 119 117 | 84 101 | 85 
Percentage loss at 163° C., 5 hours, 20 grams_-__-___ 25. 89 24. 92 25. 59 25. 80 29. 84 26. 30 28. 58 
Penetration of residue, 25° ©. =. - = ee 56 65 63 64 44 | 50 47 
Bitumen soluble in CS, per cent _---_----------_- 99. 81 99. 79 99. 79 99. 88 99.91 | 99. 81 99. 79 
Organic insoluble, per cent_-_--------------------- 0.07 | 0.18 ie || 0.10 0.08 | 0.17 0.18 
Inorganic imsoluble, per cent_2---=--------- === 0. 02 0. 03 0.04 | 0. 02 0. 01 0. 02 0. 03 
Bitumen insoluble in 86° Baumé naphtha, per 

Gontiie sseiee ee So ee nn ee ee Bete 15, 82 17. 05 15. 98 14. 89 19.15 18. 84 19.35 
Residue of 100 penetration, per cent__-_---------- 73.9 74.7 74.9 74.4 72.9 72.1 72.4 
Penetration of residue at 25° C___--___-_--_--____= 101 98 104 90 94 87 89 
Penetration of residue at 0° C_--_-- epee See ee 12 | 22 22 22 14 22 23 
Softening point of residue, ° C_.--.-_-.---_____-_- 48.4 | 45.4 45 46. 8 52.2 46.8 46. 4 
Ductility of residuelat2bc Caan ene 110+ | 110+ | 110+ | 110-+ 110+ 110+ 110+ 
Ductility of residue at 1.5° C____- ee eee 6.4 5.8 4.9 | 6.2 5.2 4,5 4,0 
Distillation test, A. S. T. M. modified D 20! frac- 

tions, per cent by weight: 
OF1 70°: Cr eed ot ee ene pe eee = 4. 24 1.08 0. 25 1.27 0. 42 1. 06 0. 05 
L70=2252) Coane ee poe ee eee 1232 14.02 | 15.83 | 15. 66 18. 80 15. 67 17.81 
225-3152. Ghee eee ae pre Seay eet Heroes 6. 57 Broz 8.05 | 6. 26 8. 24 7.62 8.53 
S1b-360V CRE SMe ea ee eee tee 2. 05 3. 27 1. 54 1. 48 1.67 1. 87 1.91 
Residiieiover s60: Cees oe ee ee ee a ee 74. 60 75.90 | 74. 20 75. 10 70. 70 73. 70 71.60 

Penetration ot residue at 2501 = ae ees 133 151 128 | 137 108 1.30 117 
Softening pointior residue;.: Ola ese ne ee 40.8 43.8 7 | ZO | 42,4 44 43.8 46.6 
A.S. T. M. modified D 20? fractions: | | 

O=100° Cees PT ee coe 37.93 410.0 30. 49 410.8 35. 55 48.2 38. 04 2 Dl) Ode. COU SoS sca O mm OaOe 86.52 *7.08 
1002225 03@)) S22 ae see eee eee ee aoe el | OyGpal 410.4 | 315.11 419.2 | 310.48 413.4 38. 57 411.0 |311.44 415.2 | 310.88 412.97 1311.73 414.58 
225-3602: Oe eins oo ee ae eek ae Le ee Ss ee | (CRBC) S122 SON 17 49.7 | 39.81 412.0} 28.23 49.9 | 39.99 412.4 | 39.61 £11.60] 39.95 412.06 

Penetration of residue at 25° C_____ -_- 98 96 73 86 70 *| 75 67 

Softening point of residue, ° C._--._-------------- 44.6 47.2 46. 2 47.8 49.8 | 48, 4 50 

! Test specimen 100 grams; thermometer % inch from bottom of flask; flask cooled below 125° C. before pouring residue. 
2 Test specimen 100 cubic centimeters; thermometer 14 inch from bottom of flask; residue poured immediately after reaching 360° C. 
3 Per cent by weight. 
4 Per cent by volume. 

At the time the bituminous wearing surfaces were several sections was determined prior to surfacing and _ 
constructed the base was, in general, in very good con- ranged from 7 to 10 inches, averaging about 9 inches. 
dition. Small shrinkage cracks had developed to a 
limited extent on nearly all the sections. The surface Weed iateteslabeh bea ct tee tis entnsc re 8112 i 
had worn unevenly in a number of areas which, after The sand-clay base upon which 2% miles of the project 
wetting, were lightly machined to restore the smooth were constructed was built on the old road except for a ' 
cross section. The thickness of the marl base on the short relocated section. The sand-clay material was | 
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obtained from local pits and, although of only fair 
quality for this type of construction, largely because of 
lack of uniformity, it was considered the best available. 

TABLE 3.—Analysis of materials used in the cut-back asphalts 

BASE MATERIAL 

| 

WEIR EN he aed 2 a eS Se Se ce A 60-70 pene-| 85-100 
tration penetration 

POADOLATOLY Ut DOsccse noc <n c e eee oe ee 32700 32701 

BGOCIIGRTAVIUY 205,20) Gao on ees eee eee ee ee 1,021 | 1. 020 
Bilashepoint po@s oa see ee NS eee eee ee oe 310 305 
Pe OHOEALIONIAG a0 rian 5 te tee a kee Semeur eB 9 se 2) 67 100 
PO ertine DOM ime. wer Semen | eee ee eee ee ye he AG 47.4 
Ductili¢yat25:.O., centimeters... -.2. 2-2-2! a ee 110+ 110+ 
Percentage loss at 163° C., 5 hours, 50 grams______________- 01 . 02 
PenewrationrOrresidue abizo> Osea. eee wee ee es 58 82 
Bitumen soluble in OSs;-per'cant <2 2) 99, 88 99. 88 
Organic matter insoluble, per cent_-_ 2-2-3222 ee . 09 . 09 
Inorganic matter insoluble, per cent._--...__-_-.__----_--- . 03 . 03 

PApOravory: DUM DCL 22222 25 2cecesese+ eK 
Specific gravity, 25°/25° C 
STASTIS IO LT] Gata, Geers te wee tee ers une eect ee a ee) Se ed eB Lee 

Distillation: 
niga (pom ge point sass te see te eee ee ne eee eee AL wee era 
HirstwOlcubic centimeters OVerate.= eae eee ek ee one ee see 134 
DECONGHLO CHIE Col Uimeters OVGl Al staan oe see ane nee tee ene 154 
PLHP GeO CUpICICenLIMeLersiO Viel abe see ne ete eo nn ene. Seon see 167 
MourtHe O.cabic centimeters OVebab sees oe eee seen ee ee 174 
Hifi Oreubie con tiMevers) OVO Abaensseetee sete as serene nese eee ne 179 
Sixt O CUDIC Con uimevers!|OVEr, Glee sete ae ee er ee 183 
HeventnlO.cubic centimeters Over atseees- see eens ease eee eee eee ee 187 
Bighthe ict bic contimeters Over Abeess ss eee ee as = ee eee 192 
Ninth 10 cubic centimeters over at__....-.--.--------- ob pene eh Be Sie 201 
STIG UD O11] paeeesate ee tae ae ee ee eS eget eas Bel See eet 272 

Cubic 
centimeters 

LD ISTIA LG mean esters OS nO eee ee ee See SOS Oe eet ees te kk ee es 99. 4 
URCS OMG. 2 5-82 sete eS Me BR a See ee ea 2 ot Be oe SE Se eee a See ail 
OSS aeeentet ea Teme ee Spee ree eae ESD ei) ae Se BS a ee 5 

TABLE 4.—Analysis of tar used in the construction 

BEGTrAde OL Material..2. 2 see eee oes 8-13 viscosity 8-13 viscosity 
eADOLRLORY DUI DGte a ose ne eee eee 31939 32534 
Sections on which used__.----...=----:--- 1-A, 1-B, 5, 6-A, | 2-A, 2-B, 2-C, 3, 

6-B, 7-A, and 10 | 4, 7-B, 7-C, 8, and 9 

PVIALCMIALUSOG Goa. . 0s -eewan te ee coe secs Primer. | Primer. 
Specific gravity, 25°/26° Of_ 22 =.---__--=- 1, 142 1. 148 
WASCOSItY, neler at 40° Ol 2s25 222 ee 11.74 11. 05 
Bitumen soluble in CSs, per cent.-._----- 96. 93 96. 15 
Organic matter insoluble, per cent--- 2. 65 3. 81 
Inorganic matter insoluble, per cent - -- 02) | . 04 
NV Hverppel CON ters 2-22" olen en ose Le So: GAO) see See en ee ws 

Distillation, water-free basis = 

Per Per 
| cent by cent by 

Fractions: Character | weight | Character | weight 
UDibO.l 720 Ge ee eo oe ee ee iid sae ose iiida 1.05 
10 e= 235 Cae eee ee a0 Kee meee 6.93 | Trace of 6. 67 

solids. | 
DEED 7 VM ONS a =a SE PR ae eee Sa =O eee 11.89 | 144 solid___- LL. 57 
21 0c B00 se Ont Senn ance eee en TeSolidase 82405) Pluidess ss 8. 45 

VOSS ene ee eee eee te, Les | ee es SAG te oe eee 72. 10 
Bowenine Ponto! reslgue, —ClLs2e sone eee eee A: Dies oe eee 42.8 

radeon Materiales wa eee 25-35 viscosity 25-35 viscosity 
WADOTRLOLY NUM Der eee — aoe ee 32504 32528 
Sections on whioh used..__._-..__--------- 2-B and 7-B 2-B and 7-B 

WIS UCMIA ISOM Asses see one ene sees Mix. Mix. 
BHECINO LTAVILVs 20/20, Cnase rece see eee 1.165 1.165 
Wwaiscosity, Engler at 40° Coss 5-2. 2. 28. 52 27. 49 
Bitumen soluble in CS, per cent-__------ 96. 98 95. 92 
Organic matter insoluble, per cent_-_------ 2. 04 3. 61 
Inorganic matter insoluble, per cent_---_-- . 02 . 07 
NYV/ACOT, DCE Contis sas Sos. 5 =, eee eas - 96 . 40 

Distillation, water-free basis 

Per Per 
cent by cent by 

Fractions: Character | weight | Character | weight 
(Gio rom lr( tee (C2 see ee ee SS Whi dees OL Donati Gees 1,07 
Iie an Cae A 2 eee te aS Y4 solid___- De ames CLO Been ees 4.71 
Behera Oc asain Saree. So ee Ee ¥% solid___-_|_ 8.89 | %solid_.._| 10.26 
27 Ope BU0 cs Crea be Meet A AE Aes 2 X% solid_..-| 8.03 | Trace of 7. 89 

solids. 
LOSI 1G seen eee aoe es a ee eee ek eee Ui Psi) eee eee eee 76. 07 
Sottening, pointiot resique; Gace ecee ess lees ao ee AL Sa ee soe 41.4 

Test results on samples taken from the finished sand- 
clay base are given in Table 8. In the construction the - 
sand-clay from the pit was spread on the roadway, 
mixed with the surface material by means of disks and 
plows, and consolidated by traffic. In general the sand- 
clay failed to bond readily and necessitated considerable 
machining after rains. In a few areas where this mate- 
rial continually failed to bond it was necessary to plow 
and remix and, in some cases, to add additional material. 
_The sand-clay base prior to the construction of the 

bituminous surfacing was variable in appearance and 
composition. Some portions were well bonded and 
apparently in a suitable condition for surface treatment, 
while other portions showed a decided tendency to dust 
and ravel. On some areas where patching had been 
done, the patches peeled off for lack of bond. Attempts 
were made to better the surface condition by dragging 
but, on account of lack of uniformity in the underlying 
material, this effort did not entirely correct the defects. 
In general, the sand-clay base was in only fair condition 
when the experiments were built. 

SIDE FORMS USED FOR BOTH TYPES OF CONSTRUCTION 

In the construction of the mixed-in-place sections on 
both the marl and sand-clay bases side forms were used 
except where otherwise stated. Bridge plank, 3 
inches by 8 inches by 16 feet long, laid flatwise, were 
used. ‘They were laid loosely in place but were held to 
line by stakes. Before the stone was spread for mixing 
they were moved in about a foot on either side. The 

TaBLe 5.—Analysis of asphalt emulsion 

HaWOralOryy iiit DCr= ae ae me eae Se ok Leet ie 32505 
ection on whichwusedhas face aie se eo 2—C and 7-C 
Speciticroravitveico yO eel aee att eG eee wee © 1. 009 
Viscosity slung lersa GcoU s Geese som See wee ee 1. 98 
Distillation to 260° C.: 

Watercpercent. by welgntlon22 f.- 5025-22-54 e. 47. 3 
BH hee 7) UE et ah CN UE I ek a1 Ee Trace 
Residue mpereCen tu y, Welon tases tyem sesame ne ee 52. 6 

Tests on residue from distillation: 
SDEcCiic Pravibty e204 2Ou Omer ae are meee a ee 1.015 
Penetrstaonentec) 28 Ge ee ee ee ee aah 113 
DPolbening Polly. Omens ae ee a ee ee ee J 47.8 
Ductility at 25° C. (centimeters).__.-...-.-..----2 96. 5 

Biumen coruble. in Goss per cent. sate oar eo 98. 94 
Organic matter insoluble} per, cent. == 22-2 -=--_ 22222 __ . 40 
ABD DY ontlOM mc pers COs: 2 Oran = pe i eee ee Le . 66 

TaBLE 6.—Grading of the crushed stone used in the construction 

Laboratory number- ----- | 31906 32520 31946 31947 

Sections on which used__-| 1-A, 1-B, 2-A, 2-B, 
QA: 2-B. AR ieR, 2-6, 4, 

DONS AG: SuG= Aten) 3.4/8 sand:o) a 7=AN7—=B) 
7-A, 7-B, 6-B,8 | 7Ee 
7=C) 10 | 

Sizeyinchess-ees ass ee | W4to4 4 to dust 4% tol4 %tol4 

SIEVE ANALYSIS 

. Retained | 
Passing | ie 

| Per cent Per cent Per cent Per cent 
144-inch___._- Tench aes 
iincheweeeo | 34-inch____ 
34-inch____--- Y-inch____| 
Y-inch_______ | Y-inch____ 
4j-inch_____- 10-mesh ___ 
10-mesh___-_- S0-mMeS Ds. ee eee eae 
20-mesh __.--- S0-mieshe eis eee ee 
30-mesh __-_-- AQsINGS he ae a eee 
40-mesh -__--- BO-meshie MejhOe meee sees 
50-mesh__ _-_- SO-meshiw ese ee we 
80-mesh ____-- 1O0-mesh Zaiee ae se eee ee 
100-mesh _____| 200-mesh/=3\ 22 — Sao seas 
200-mesh ___-- [Ce ee eee es | tte Bie Ee 



220 PUBLIC ROADS , Vol. 12, No.9 

TABLE 7.—Analysis of bituminous aggregates 

Percentage lost on 
| ip 2 ledieoraiie heating at 60° C. 

Net Sampled | Sieve analysis of mix | (based on percent- 

Tae peri- | age of bitumen) 

ora- | ment Date ere as ee : : s pee 
tory | and _ tested ne | ore ian ete haa | Remarks 
num-| sec- | (1929) : 14- 1- 4- ih- 4- Ss S | 
ber | tion Date | Bitu- inch | inch inch | inch | inch mesh |mesh | mesh ieee 

No. AG) Time | men,| to | to | to | to | to | to | to | to | oog. | 1 day |5 days 10days 
| es per | 1 | $4 | Ye | Me | 10 | 40- | 80- | 200- | roy 

cent | inch | inch | inch | inen | mesh | mesh | mesh | mesh 
| | | 

—— is = a a = i | = —_ = — — 

| 

31934 1-A | Aug. 17 Upon completion of | Nov. 4] 2.2 | 13.0 | 25.2 | 28.7) 168) 28) 5.5 ABN (O82 ale sol een Ol eG, OOM mena 
mixing. . ; 

32515 | 1-A | Sept. 19 | After opening to traffic_| Nov. 11 | 3.0 |_----- args 847611) 26.5.4 “920 |PLOSl Aalay e220 207 Aes a eee eee Sampled before sealing. 

31905 1-B | Aug. 5 Upon completion of | Nov. 4 2.6 8.6), 81.1 ||) 2630) | 13.3 4.3 73 5.1 ae 1.6 Qa2k 3. 41 4.81 

| mixing. , 
32516 | 1-B | Sept. 19 | After opening to traffic_| Nov. 11 |] 3.8 |_----- O88 1edaegt 16s 4 ul ate |ia-8,. 0826) || 2b alos O! || eeeer sees eae R es Sampled after sealing. 

32524 | 2-A | Aug. 27 | Upon completion of | Nov. 4 250 thes eee 32.3 | 28.0 | 28.4] 4.5 1.6 1.3 2 U2} T7485. \ 20/79" 2242 

| mixing. | 

32506 | 2-A | Sept. 19 | After opening to traffic, Nov. 11 | 2.3 | 16.9 | Die Dried Oe 2) | 2h Oe ZG A) Os tbat alee meet AU | Se ceceses ere eee Sampled before sealing. 
32523 2-B | Aug. 27 Upon completion of | Nov. 5 Qe2N TES yh 24 ou) 2154512256 7.6 1.9 1.4 a2 1.1 | 20.84") 21.31 | 22,59 

mixing. | 
32507 2-B | Sept. 19 | After opening to traffic_| Nov. 12 SB. fulla, Oily dee DulelonOe23.6 9.6 5.2 2.3 DATE Be eee elle SN a Do. f 

S2508hih ge een Ouees | ae ce lopeee eee es er 5 SE OL eel 4 eSNG 2 Wekbs 23 | "2658 22. Tah hae2 ae Ss Gal Adeco, eee, Os eee ee ees ocean Sampled after sealing. 
82525 | 3 | Aug. 24 | Upon completion of | Nov. 5 Se ER See 8.1 | 49.8 | 20.1 | 10.3 6.9 +2 1.8 | 5.67 7. 01 7. 68 

mixing. 
32511 3 | Sept. 19 | After opening to traffic} Nov. 12] 3.7 |------|------ 6:05 4358) 23. ill hds 2 alles 0. lanes sacle De dial nee tea) eee eee No seal used. 
32522 4} Aug. 23 | Upon completion of | Nov. 5 a Tea eee es | aoe US SYA Ey A Pea? 3.4 2.0 a4 1.2 8. 41 9.46 | 12.16 

mixing. | 
31936 GAN RATES Lon) ee ee (Coe ee ae Nov. 6 136. QbsGalo4e4 Weleda 10:0 ie Sale oO 104.0 BZA LS QM Se Ot poe f 10. 45 

32513 | 6-A | Sept. 19 | After opening to traffic. Nov. 13 | 4.2 |___--- | 49,4} 31.8 | 47.2) OB | 12.41 6.208.048 .4eeeeeee eae Sampled after sealing. 
31935 6-B | Aug. 14 | Upon completion of | Nov. 6} 2.8 | 20.8 | 24.4 | 20.2]) 18.3; 5.0) 71) 5.1 eile Abed 2.64) 3.41 | 4.92 

mixing. ; 
32514 6-B | Sept. 19 | After opening to traffic. Nov. 13 2.6 3.3 | 10a PAL 6 bs 9) 9.7 1.8 4.2 2.6 Qiks eee eee Petese- Sampled before sealing. 
31937 | 7-A | Aug. 14) Upon completion of | Nov. 6! 1.9| 6.6 | 47.9} 27.7} 9.6] 1.2] 15] 2.5 BZ ~9} 2.74) 4.42 | 5. 47 

mixing. H ; 
32512 | 7-A | Sept. 19 | After opening to traffic_) Nov. 18 | 2.9 |_-.--- 1726943561656) S37 12 BESS Aa 220 ca alee ee eee | eee eaerer ee Sampled after sealing. 
32526 7-B | Sept. 7 | Upon completion of | Nov, 7 16°) 852) 26.3% 30.8.) 18.8) 5:3) 2.4) 404 S240 Deb Oe (le aGne lon 1G: 

mixing. | 
32527 SrppAUzarsL) eee dol 22 tee eS See. Ke dOs Sas ob aite ees et oe 8.4 | 49.8 | 19.5 | 10.0] 6.7 ~2 1.9 6.95 | 9.387 | 10. 25 
32509 8 | Sept. 19 | After opening to traffic_| Nov. 14 AS eee Aaa 6.9 | 34.0 ! 23.1 | 14.7 7.9 6.0 OO Ulead es a owes cee No seal used. 
32521 ON dos se Upon completion of | Nov. 7 DANG SS 2a eee 12,8 | 66.3 | 21.4 3.8 2,2 22 | - 9 6.92 | 11.49 | 12.77 Hl 

mixing | 
32510 10 |_-.do__-_-| After opening to trafiics| Nov. 145) 9508)" 2) Oe bs6an died 7.2 Ae D8 Sa2) We Len Om helt eee esd eens eee jadetoe Sampled before sealing. 

| | | | | 

1 Sample contained 5.8 per cent passing the 114-inch sieve and retained on the 114-inch. 

TABLE 8.—Analysis of sand-clay base 

Mechanical analysis 1 
: ao a 2 tes See) si eee oe . Moisture 

Location Shrinkage eqivalent 

Percentage of particles having diameters smaller than— Tania Plas- Sub- 
Laboratory number linit ticity grade 

index 7 : group? 
. F A : . 0.005 0.001 Experi- Station, 2mil- 0,5 mil- | 0.25 mil- | 0.05 mil- milli- milli- Timipaie Patio | Centri- Field 

ment limeters limeter | limeter | limeter inatene liieten | fuge 

6-A 113+43 99 93 82 30 19 15 26 | 12 17 1.8 | 16. 22 A-2 
6-A 117+60 99 92 75 29 19 14 | 25 | 9 17 1.8 14 | 19 A-2 
6-B 107+54 99 89 70 27 16 11 21 8 17 1.8 19 | 17 A-2 
6-B 120+-29 99 © 92 75 30 21 15 28 12 18 eS 20 | 23 A-2 
6-B | 124-++-06 100 90 70 24 16 12 22 | SER oes lacaoeee ae | 14 | 19 A-2 
6-B 128+ 64 99 89 71 29 19 15} 24 10 18 1.8 | 19 | 20 A-2 
7-A 135+15 100 | 92 78 18 11 af 17 | Pie | ee ee ean See 9 | 16 A-3 
7-A 139+49 99 | 89 69 24 17 14 | 24 | 10 17 153i) 140 20 A-2 
(-A 139+-96 100 | 93 79 20 12 10 | 19 Di ayers Oe eee 13M) 17 A-2 
7-B 201-++-00 99 | 95 80 22 14 11 | 20 | 7 18 1.8 13 | 16 A-1 
7-B 205-++-00 99 | 95 80 22 14 Lie) 21 | 7 17 peda | 16 | 17 A-1 
7-B 209-++-00 100 | 95 73 18 10 7 18 | OSS See eee | M1 | 16 A-3 

10 166-++50 100 95 80 30 21 16 301) 16 18 1.8 | 18 | 19 A-2 
10 187-++-00 100 95 83 21 1l 8 | nC 0). 2 ae eee 9 | 17 A-3 
10 193-++-00 100 95 85 28 17 14 23 | 9 LG 1.8 | 15 | 19 | A-2 
10 198-400 100 | 96 88 23 15 12 22 | 5 ss cel lng vel | 13 | 18 TES 

1 Particles above 0.10 millimeter in diameter by sieve method; Particles below 0.10 millimeter in diameter by hydrometer method. 
2 The classification of subgrade soils in groups is discussed in the article, Subgrade Soil Constants, Their Significance, and Their Application in Practice, Public Roads, 

vol. 12, No. 4, June, 1931, pp. 105-108. ‘The characteristics of the 3 groups represented here are described as follows: 
rs Group ‘A-1.—Well graded material, coarse and fine, excellent binder. Highly stable under wheel loads, irrespective of moisture conditions. Functions satisfactorily 

when surface treated or when used as a base for relatively thin wearing courses. 
“Group A-2.—Coarse and fine materials, improper grading or inferior binder. Highly stable when fairly dry. Likely to soften at high water content caused either by 

ae or Be capillary rise from saturated lower strata when an impervious cover prevents evaporation from the top layer, or to become loose and dusty in long-continued 
ry weather. 

“Group A-3.—Coarse material only, no binder. Lacks stability under wheel loads but is unaffected by moisture conditions. Furnishes excellent support for flexible 
pavements of moderate thickness and for relatively thin rigid pavements.”’ 

stone was then roughly leveled to the forms, the bitumi- Five experiments, in which various bituminous mate- 
nous material applied, and the mixing operation carried rials and grades of ageregate were used, were con- 
out. Prior to spreading the mix the forms were set structed upon the marl base and duplicate experiments 
back in place and left there during the spreading, shap- were built upon the sand-clay base. Some of the exper- 
ing, and rolling, after which they were removed. Imme- iments were subdivided so that the project embraces 
diately after their removal the shoulders were built up a total of 16 sections, each of which is described in 
with earth to protect the edges of the treatments. detail in the following - pages. 
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SanD-cLay Base Primep anp? READY 
FOR THE STONE TO BE SPREAD j 

BELow: 

a 

Ricut: To PREVENT SEGREGATION, WHERE BoTH 
CoaRsE AND Fine StongE wERE UseED IN A 
Mix, THE Coarse AGGREGATE Was SPREAD 
First AND GIVEN AN APPLICATION OF BITU- 
MINOUS MATERIAL, AFTER WHICH THE FINE 
STONE WAS SprREAD As SHOWN. 

Lert: APPEARANCE OF SAND-cLAY SEecTION DuRING 
MACHINING AND CoMPACTION UNDER TRAFFIC PRIOR 

Y .. 

TO CONSTRUCTING THE BrtumMINoUS SURFACE 

ee 

ABOVE: SAND-CLAY SURFACE PRIOR TO TREAT- 
MENT. SIDE TRENCHES:CUT TO OBTAIN A 
THICKENED HXpGB} 

FIGURE 2.—PREPARATION FOR MIXED-IN-PLACE CONSTRUCTION ON SAND-CLAY BASE 

EXPERIMENTAL SECTIONS CONSTRUCTED ON MARL BASE 

Prior to the construction of the wearing surface, the 
marl base was thoroughly swept and given a prime coat 
of 8-13 viscosity tar applied at a temperature of 125° 
to 155° F. The amount used on each section is given 
in the text and in Table 1 and the analysis in Table 4. 
The tar was not absorbed by the marl as quickly as by 
the sand-clay, but a penetration of about \% inch was 
obtained. The primed surface presented a uniform, 
dull black appearance except for a few spots where clay 
balls appeared. These remained bright and glossy as 
the tar did not penetrate the dense clay. It did, how- 
ever, penetrate around the clay so that upon its removal 
a completely primed surface was exposed. On un- 

shaded areas traffic seemed not to affect the primed 
surface nor did the machine mixing appear to damage 
it to any great extent. On some areas which were 
partly shaded the prime coat penetrated more slowly 
and did not formsuch a firm crust, possibly because of the 
higher percentage of moisture present in the marlin these 
shaded areas. ‘Traffic over these areas picked up the 
primed surface, necessitating considerable repriming by 
hand. Hauling over these portions of the primed sur- 
faces was discontinued and during construction the stone 
was distributed by backing the trucks in over that previ- 
ously spread. The wearing surfaces were not constructed 
until the primer had penetrated and thoroughly dried. 
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MIXED-IN-PLACE SECTIONS 

Experiment 1, section B, stations 1384+ 28 to 24+60.— 
The method of construction and the amounts of mate- 
rial per square yard used on this section were as follows: 

Mix: 1.8 inches, compacted; 156 pounds of 1% to % inch 
crushed stone, 36.5 pounds of 4 inch to dust, and 1.03 gallons of 
85-100 penetration asphalt cut back with naphtha. 

Seal: 0.29 gallon of the same bituminous material was applied 
and covered with 15 pounds of % to % inch stone chips. 

Section 1—B was the first of the mixed sections con- 
structed and was necessarily more experimental in 
character than the others. Considerable latitude was 
permitted by the outline, which did not specify the 
exact details of construction. As might be expected, 
some methods tried out were unsatisfactory and were 
modified or discarded. 

The tar prime coat was applied at the rate of 0.27 
gallon per square yard. 

One hundred and fifty-six pounds of the 14 to 4% inch 
stone per square yard were cast between the forms from 
stock piles at the sides and then leveled off with a drag, 
after which a single application of 0.46 gallon per square 
yard of cut-back asphalt was spread. Thirty-six and 
one-half pounds of the fine aggregate per square yard 
were then spread as uniformly as possible with shovels 
and followed by an application of 0.57 gallon of the 
same bituminous material. 

Mixing was begun immediately with a heavy 4-way 
road drag pulled by a 10-ton tractor but the results 
obtained were not satisfactory. The amount of aggre- 
gate was more than the drag could handle, and when the 
blades were raised to lighten the load considerable 
material was necessarily dropped, so that after a few 
trips with the drag it was distributed very nonuniformly 
throughout the section. A 12-foot road machine was 
then substituted for the drag and was entirely satis- 
factory for the mixing operation. Because of the 
unevenness of the surface caused by the drag, it was 
impossible to redistribute the mix to a uniform thick- 
ness with the blade grader, and for this reason consider- 
able work was done by hand and with trucks during the 
spreading operation. The rate of mixing on this sec- 
tion was somewhat slow due to the inexperience of the 
operators, with the result that mixing was not com- 
pleted during the first day and the partly mixed mate- 
rial was left windrowed in the center over Sunday. By 
Monday morning a hard crust had formed on the 
outside of the windrow but during the mixing it broke 
up readily. Final shaping and smoothing was done 
very successfully with the drag. However, some hand- 
work was necessary, particularly along the edges. This 
was required on practically all of the mixed sections. 

During the mixing operation there was very littl 
tendency for the aggregates to segregate or for the fine 
aggregate to ball up. Because of the stiffness of the 
mix, some segregation did occur during the final shaping 
of the section, with the result that the center 7 or 8 feet 
presented a more porous and open appearance than the 
remainder of the surface. 
_ Rolling with a 10-ton 3-wheel roller was begun 
immediately after final shaping was completed. As the 
operators were inexperienced and the roller was not in 
good mechanical condition, the rolling was not pros- 
ecuted as speedily or as efficiently as desirable but was 
carried on intermittently for several days. A reason- 
able degree of surface smoothness was obtained, but it 
was evident that better compaction would have resulted 

had the construction operation been more rapidly 
carried out. 

After about three weeks under traffic it was apparent 
that a seal coat was necessary. ‘The surface was porous 
and raveling of the larger stone had started in numerous 
places. <A higher percentage of fines in the mix, with a 
corresponding increase in cut-back asphalt, would have 
given a more closed surface and would probably have 
eliminated the necessity for a seal. The seal treatment 
consisted of 0.29 gallon per square yard of the same 
type of bituminous material as was used in the mix and 
a cover of 15 pounds of % to % inch crushed granite 
spread by hand and rolled. 

The cost of constructing the bituminous surface on 
this section was 72.58 cents per square yard or $8,516 
per mile for a 20-foot width. This cost was relatively 
high largely because of the methods and delays in 
mixing and rolling. 

Experiment 1, section A, stations 0+ 00 to 13+28.— 
The method of construction and the amounts of mate- 
rial per square yard used on this section were as follows: 

Mix: 1.8 inches compacted; 154 pounds of 1% to % inch 
crushed stone, 38 pounds of % inch to dust, and 0.91 gallon of 
60-70 penetration asphalt cut back with naphtha. 

Seal: 0.42 gallon of the same bituminous material and 30 
pounds of % to % inch stone chips. 

The tar primer was applied at the rate of 0.27 gallon 
per square yard. 

The mixed surface was constructed essentially in the 
same manner as that of section B. The amounts of 
bituminous material used in the mix were 0.43 and 0.48 
gallon per square yard, respectively, for the two appli- 
cations. Mixing was done entirely with the blade 
erader. Initial rolling was done approximately 18 
hours after mixing was completed and, in contrast to: 
the previous section, a closed surface was obtained. 
This early rolling, having sealed a greater portion of the 
naphtha in the mix, necessitated rolling only in the 
heat of the day to prevent cracking or checking and 
also to obtain maximum compression. This operation 
was continued for a week. 

The section was then opened to traffic for one month, 
during which period the surface showed some signs of 
raveling and the need of a seal treatment. This was 
applied in the following manner: 15 pounds of % to % 
inch stone per square yard were spread and subjected 
to traffic for two days, after which the loose stone 
was swept to the sides and 0.42 gallon per square yard 
of the same material as used in the mix was applied. 
The stone at the sides was then respread on the sur- 
face and thoroughly rolled. After 10 days under 
traffic it was apparent that more cover stone was 
needed and an additional 15 pounds were spread but 
not rolled. 

This method of first applying the stone and subjecting 
it to traffic prior to the application of the bituminous 
material was tried out experimentally with the view of 
developing some suitable type of seal treatment for sur- 
faces that were in a raveled or very open condition. It 
proved very effective, in that the action of traffic over 
the loosely spread stone forced it into the larger voids, 
requiring less bituminous material for the seal and pre- 
venting its draining to the bottom because of the open 
surface texture. This method was used on some of the 
other sections where the surface conditions were similar 
to that mentioned above. 

The cost of constructing this section was 66.12 cents 
per square yard or $7,758 per mile. 

‘ 
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Riesut: Mrxine@ with A Hravy Four-way 
Drac Dip Nor Prove SAtIsFacTory 

Axsove: MrxinG witH A BLADE GRADER WAS 
ENTIRELY SUCCESSFUL 

Betow: THe Drag Provep VERY SATIS- 
FACTORY FOR SMOOTHING THE SURFACE 
AFTER THE M1xina OprRATION WAS 
COMPLETED 

Lert: Mpruop of OBTAINING THICKENED HiDGE 
ON THE SAND-CLAY MIXED SECTIONS BY THE 

Uses or Botu Forms anp TRENCH 

FIGURE 3.—MIXED-IN-PLACE CONSTRUCTION 

Experiment 2, section A, stations 24+ 60 to 89+ 60.— 
The method of construction and the amounts of 
material per square yard used on this section were as 
follows: 

Mix: 2 inches compacted; 180 pounds of 1% to \% inch stone 
and 0.69 gallon of 85-100 penetration cut-back asphalt. 

Seal: An average of 0.30 gallon of the same bituminous 
material was applied and covered with an average of 18 pounds 
of % to 4% inch stone chips. This section was sealed in two 
separate portions. 

The tar primer was applied at the rate of 0.31 gallon 
per square yard. 

The details of construction were essentially the same 
as in the case of the preceding section, except that the 
aggregate used was 1}; to 4 inch in size with no fines 
added and the bituminous material was applied at the 
rate of 0.69 gallon per square yard in a single application. 

The seal coat was applied three weeks later. On the 
portion from station 31+ 67 to 39 +60 the same method 
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of seal treatment was used as was employed on experi- 
ment 1, section A; tbat is, the stone was spread and 
subjected to traffic before applying the bituminous 
material. Twenty-three hundredths gallon of bitu- 
minous material per square yard and about 20 pounds 
of % to \% inch stone were used on this portion. The 
method of seal treatment used on the remainder of the 
section consisted of an application of 0.38 gallon of 
bituminous material per square yard and covering with 
15 pounds of % to 4 inch stone. 

The cost of constructing the bituminous surface of 
this section was 70.34 cents per square yard or $8,253 
per mile. 

Experiment 2, section B, stations 89+ 60 to 52+ 00.— 
The method of construction and the amounts of mate- 
rial per square yard used on this section were as follows: 

Mix: 2 inches compacted; 175 pounds of 1% to % inch crushed 
stone and 0.89 gallon of 25-35 viscosity tar. 

Seal: 0.23 gallon of the same bituminous material and 15 
pounds of % to 4 inch stone chips. 

The tar primer was applied at the rate of 0.29 gallon 
per square yard. 

This section was constructed in essentially the same 
manner as the preceding section. The amount of 
coarse stone used was 175 pounds per square yard. 
An application of one-half gallon of 25-85 viscosity tar 
was spread on the stone but rain fell before mixing could 
be begun. On the following day when the materials 
were dried out and mixing was about completed it was 
evident that more bituminous material would be neces- 
sary to secure a bonded mix. Accordingly, a second 
application of 0.39 gallon was spread which, with addi- 
tional mixing, produced a well bonded mix. The total 
amount in the mix was 0.89 gallon per square yard. 

The seal coat was not applied until after about two 
months, during which traffic was permitted to use the 
section. No raveling occurred although the surface 
was fairly open. The seal consisted of an application 
of 0.23 gallon of the same tar as used in the mix and 15 
pounds of % to ¥% inch stone. After the stone was 
spread the section was rolled. 

The cost of constructing the bituminous surface of 
this section was 79.40 cents per square yard or $9,316 
per mile. 

Experiment 2, section C, stations 52+00 to 66+00.— 
The method of construction and the amounts of mate- 
rial per square yard used on this section were as follows: 

Penetration course: 2.3 inches compacted; 165 pounds of 1% 
to % inch stone; 37 pounds of % inch to dust, and 1.27 gallons of 
asphalt emulsion. 

Seal: 0.28 gallon of the same bituminous material and 15 
pounds of % to % inch stone chips. 

The tar primer was applied at the rate of 0.28 gallon 
per square yard. 

{It was planned originally to construct this section in 
the same manner as the two preceding sections but the 
producers of the emulsion objected and requested that 
a modified type of penetration construction be sub- 
stituted. It was decided to construct this section 
according to their recommendations. The construction 
which ts here described was done under their direction 
and with the approval of their representatives. 

The side forms Were kept to line during the construc- 
tion of this section. Thirty-seven pounds per square 
yard of stone, % inch to dust, were spread upon the 
primed base and leveled with a strike-off board to a 
uniform depth of approximately % inch. One hundred 
and sixty-five pounds of 1% to % inch stone were then 
spread by hand, shaped with the drag to the proper 
cross section, sprinkled with water, and thoroughly 

rolled. <A strip one foot wide at each edge was given 
an application of emulsion, after which the entire sec- 
tion received an application of 0.44 gallon per square 
yard. Water was applied immediately to wash the 
emulsion down into the fine aggregate and the section 
was again thoroughly rolled. The purpose of the 
second rolling was to force the mortar of fine stone and 
emulsion up part way through the interstices of the 
coarser stone and upon drying to leave them partially 
embedded. Actually, however, this did not occur. 
The water drained away to the side ditches carrying 
an undetermined amount of emulsion with it. During 
the rolling process approximately 8 pounds of % to 
inch stone were spread over the surface to fill the sur- 
face voids. 

s 

FicurE 4.—SPREADING THE COARSE STONE ON THE FINE 
Stone Cusnion. Tuts Section, Experiment 2—C, Was 
CoNSTRUCTED witH ASPHALT EMULSION By A MOopIFIED 
PENETRATION MprtHop 

The following day a second application of the emul- 
sion was spread at the rate of 0.83 gallon and followed 
immediately with 7 pounds of % to’'4inch stone. The 
section was then thoroughly rolled. 

The seal coat was applied one week later after the 
surface had been swept and loose or raveled places 
patched. The treatment consisted of an application 
of 0.23 gallon of emulsion and 15 pounds of % to \ 
inch stone. 

An inspection of the section shortly after construc- 
tion showed that the first application of emulsion had 
not penetrated the cushion course as intended, but had 
to a great extent been carried off with the water used 
to wash it down. 

The cost of constructing the bituminous surface of 
this section was 84.62 cents per square yard or $9,928 
per mile. 

Experiment 3, stations 79 + 20 to 92 + 40.—The method 
of construction and the amounts of material per square 
yard used on this section were as follows: 

Mix: 1.8 inches compacted; 162 pounds of *% to 14 inch stone 
and 38 pounds of stone 4 inch to dust with 1.19 gallons of 85- 
100 penetration asphalt cut-back. 

Seal: No seal treatment was required. 

The tar primer was applied at the rate of 0.30 callon 
per square yard. 

The mixed course was constructed in the same manner 
as experiment 1.._ The coarse stone was only % to \ 
inch in size but there was no tendency of the mix to 
ball up or segregate. <A total of 1.19 gallons of bitumi- 
nous material, spread in two applications, was. used. 
After initial rolling, but while it was still in a plastic 
condition, the surface was somewhat rutted by local 
traffic which could not be detoured. A drag was used 
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to fill the ruts and some of the stone was thus left in a 
loose condition. However, it compacted under traffic 
and additional rolling without apparent damage to the 
section. The resultant mix was well closed and no seal 
treatment was given. 

The cost of constructing the bituminous surface of 
this section was 61.07 cents per square yard or $7,165 
per mile. 

Experiment 4, stations 92+40 to 105+84—The 
method of construction and the amounts of material 
per square yard used on this section were as follows: 

Mix: 1.8 inches compacted; 157 pounds of %4 to 4% inch stone 
and 0.72 gallon of 85-100 penetration asphalt cut-back. 

Seal: An average of 0.22 gallon of the same bituminous ma- 
terial was applied and covered with 15 pounds of % to % inch 
stone chips. This section was sealed in two separate portions. 

The tar primer was applied at the rate of 0.26 gallon 
per square yard. 

The method of construction of this section was 
essentially the same as that of sections 2-A and 2-B 
except that the coarse stone was % to 4% inch. Seventy- 
two hundredths gallon of asphalt was spread in one 
application which apparently was not enough, as the 
mix did not compact and knead to any great extent 
under the roller. Upon opening to traffic the surface 
raveled but the approach of cold weather made remix- 
ing undesirable and it was decided to correct surface 
failures by means of a seal treatment. Two adjacent 
portions of the section, each about 100 feet long, were 
selected for trying out, in an experimental way, 
methods of treating the section. On one portion the 
loose stone was swept to the roadside and piled, while 
on the other it was uniformly redistributed on the 
surface. Both portions were then given an applica- 
tion of approximately one-third gallon of bituminous 
material per square yard. The stone was respread 
on the first portion with an additional amount to 
make about 15 pounds per square yard and both 
portions then thoroughly rolled. Rolling of the portion 
on which the stone was not removed and respread 
presented little difficulty. When the bituminous 

material became somewhat sticky, the use of kerosene 
on the roller wheels prevented picking up. It was 
noted on the following day that the bituminous ma- 
terial had penetrated the mix to approximately the 
same depth on both portions and that the area on 
which the loose stone was first removed showed a 
somewhat better surface appearance. Consequently 
this method was used to seal the remaining portion. 
Twenty-two hundredths gallon of bituminous material 
was used with a total of 15 pounds of stone. 

The cost of constructing the bituminous surface of 
this section was 55.46 cents per square yard or $6,507 
per mile. 

SECTION GIVEN ORDINARY SURFACE TREATMENT 

Experiment 5, stations 66 +00 to 79 + 20.—The method 
of construction and the amounts of material per square 
yard used on this section were as follows: 

Forty-four hundredths gallon of 85-100 penetration asphalt 
cut-back was applied and covered with 50 pounds of 1% to 
Y% inch erushed stone. 

Retreatment: (Stations 66-++00 to 73-+40). 
Thirty-six hundredths gallon of the same bituminous material 

was applied and covered with 15 pounds of % to 4 inch crushed 
stone. 

The tar primer was applied at the rate of 0.33 gallon 
per square yard. The asphalt was applied at the rate 
of 0.44 gallon per square yard and immediately covered 
with 50 pounds of 1% to 4% inch stone. The surface 
was then throughly rolled but was not opened to 
traffic until the following day. The rolling operation 
was continued intermittently for several days, during 
which the stone displaced by traffic was respread with 
brooms and shovels. Some early patching was required 
and the portion between stations 66+00 and 73+ 40 
was sealed three months after the construction. For 
the seal coat, 0.36 gallon of the 85-100 penetration 
cut-back asphalt and 15 pounds of % to \% inch stone 
were spread and rolled. 

The cost of constructing this surface treatment was 
28.47 cents per square yard or $3,340 per mile. 

EXPERIMENTAL SECTIONS CONSTRUCTED ON SAND-CLAY BASE 

The experimental sections built on the sand-clay 
base were identical in type of construction and material 
used with those constructed on the marl base and are 
numbered correspondingly; i. e., Nos. 1 and 6 are 
identical, 2 and 7, etc. 

Prior to applying the primer on the mixed sections, a 
triangular trench was cut with the grader on each side 
of the road to provide for a thickening of the edges. 
The trench was approximately 1 foot wide and 4 inches 
deep on the outside edge but was very irregular be- 
cause of the nonuniformity of. the sand-clay. The 
sections were swept and all loose material was removed, 

‘following which action the base was primed with 8-13 
viscosity tar applied at a temperature of 125° to 155° F. 
As was expected, the penetration into the sand-clay 
base varied with the composition of the material pene- 
trated. In general, the primer penetrated readily and 
appeared to be of considerable assistance in bonding 
the surface and forming a stable crust. During the 
mixing process the primed base was damaged consid- 
erably in some areas by the wheels of the road machines 
and the cleats of the tractors. 

Side forms were used on some sections as noted. 
Edge protection was provided after construction by 
building up the shoulders with sand-clay. 

81677—31——2 

MIXED-IN-PLACE SECTIONS 

Experiment 6, section A, stations 105 + §4 to 119 + 99.— 
This section corresponds to Experiment 1, section A. 
The method of construction and the amounts of mate- 
rial used per square yard were as follows: 

Mix: 2 inches compacted; 171 pounds of 1% to 4% inch stone, 
40 pounds of % inch to dust, and 1 gallon of 60-70 penetration 
asphalt cut back with naphtha. 

Seal: 0.34 gallon of 85-100 penetration asphalt cut-back was 
applied and covered with 15 pounds of % to 4 inch stone chips. 

The tar primer was applied at the rate of 0.33 gallon 
per square yard. 

After the surface, including the area occupied by the 
trenches, was primed the side forms were placed inside 
the trenches to prevent the untreated stone from get- 
ting into them. The process of mixing was the same 
as that used on the corresponding section on the marl 
base. The bituminous material was applied in two 
applications at the rates of 0.41 and 0.59 gallon, respec- 
tively. The appearance and behavior of this mix was 
very similar to that of the corresponding section on the 
marl base, in that its surface appeared lean and raveled 
somewhat immediately following construction. <A seal 
coat was deemed necessary and was applied one 
month after construction. It consisted of 0.34 gallon 
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of 85-100 penetration asphalt cut-back and a cover of 
15 pounds of % to 4% inch stone which was spread by 
hand and rolled. Substitution of the 85-100 cut-back 
for the 60-70 material was done through error. 

The cost of constructing the bituminous surface of 
this section was 72.53 cents per square yard or $8,510 
per mile. 

Experiment 6, section B, stations 119 +99 to 182 + 00.— 
This section corresponds to experiment 1, section B. 
The method of construction and the amounts of 
material used per square yard were as follows: 

Mix: 2 inches compacted; 170 pounds of 114 to 14 inch crushed 
stone, 42 pounds of % inch to dust and 1.09 gallons 85-100 
penetration asphalt cut back with naphtha. 

Seal: 0.28 gallon of the same bituminous material and 15 
pounds of % to % inch stone chips. 

The tar primer was applied at the rate of 0.39 gallon 
per square yard. In general, this quantity penetrated 
readily. However, on a portion of the section situated 
on a superelevated curve the amount was somewhat 
excessive as some of the material flowed to the side 
trenches. 

An application of asphalt, 0.49 gallon, was made on 
the coarse aggregate late in the day and immediately 
covered with fines. The following morning the second 
application, 0.60 gallon, was spread and mixing was 
begun. During the mixing operation the primed 
surface of the base was damaged in a few places by 
the tractors and road machines. The sand-clay thus 
loosened was removed as much as possible. After 
mixing and spreading were completed but before the 
section was rolled a heavy rain fell, which penetrated 
the mix to the bese. During the rolling process a 
number of spongy areas appeared where the softened 
base had worked into the mix. These were removed 
and replaced with good material. 

Traffic was permitted on the section for about three 
months before it was sealed. During this time very 
little raveling had occurred although the surface 
appeared fairly lean. 

The seal coat consisted of an application of 0.23 
gallon of the same bituminous Tae a8 was used in 
the mix, covered with 15 pounds of } \ inch stone 
and rolled. 

The cost of constructing the bituminous surface of 
this section was 72.10 cents per square yard or $8,459 
per mile. 

Experiment 7, section A, stations 182 + 00 to 144+ 20.— 
This section corresponds to experiment 2, section A. 
The method of construction and the amounts of material 
used per square yard were as follows: ~ 

Mix: 2 inches compacted; 178 pounds of 1% to 4 inch stone 
and 0.77 gallon of 85-100 penetration asphalt cut-back. Mixed, 
shaped, and rolled. 

Seal: 0.27 gallon of the same bituminous material was applied 
and covered with 18.3 pounds of % to % inch stone chips. 

The tar primer was applied at the rate of 0.29 gallon 
per square yard. The penetration averaged % inch. 
Two days after priming the surface was dry and hard. 
The side forms were not used during the construction 
of this section. 

The bituminous material was applied at the rate of 
0.77 gallon in two applications. As in the case of 
experiment 6—-B the primed base was damaged to some 
extent during the mixing. This section also was sub- 
jected to rain during mixing, the fairly open mix per- 
mitting the moisture to enter and penetrate to the base. 
The mix was already rather stiff and the base was sof- 
tened so that additional mixing was not deemed advis- 

able after the rain. When rolled the surface appeared 
in good condition except for considerable moisture 
which was retained in the mix. ‘Traffic was not per- 
mitted on the section until it had dried out. 

One week later the seal treatment was appled. The 
small stone was first spread and allowed to le under 
traffic for a few days, after which the loose stones were 
broomed to the sides and 0.27 gallon of the same bitu- 
minous material as used in the mix was applied. The 
stone was then respread with an additional amount to 
make a total of about 18 pounds. Rolling of the sur- 
face completed the construction. 

A few days later inspection of the section showed the 
base to be dry and the surface well sealed. 

The cost of constructing the bituminous surface of 
this section was 62.86 cents per square yard or $7,375 
per mile. 

Experiment 7, section B, stations 199 +70 to 212 + 90.— 
This section corresponds to experiment 2, section B. 
The method of construction and the amounts of mate- 
rial used per square yard were as follows: 

Mix: Two inches compacted; 169 pounds of 14 to %4 
crushed stone and 0.77 gallon of 25-35 viscosity tar. 

Retreatment: Stations 206+ 50 to 212-+-90, seal coat applied, 
using 0.42 gallon of the same bituminous material and 15 pounds 
of % to 4% inch stone chips. Station 199-+70 to 206+ 50, remixed 
with 0.30 gallon of the same bituminous material. Sealed with 
0.23 gallon of same bituminous material and 15 pounds of % to 
\ inch stone chips. 

The tar primer was applied at the rate of 0.25 gallon 
and the penetration averaged % inch. 

The side forms were not used during the construction 
of this section. Seventy-seven hundredths gallon of 
tar was applied and the mixing operation carried out 
as in the preceding section. When the section was com- 

inch 

pleted it was evident that an insufficient quantity of . 
tar had been used in the mix, as it was not properly 
bonded and considerable raveling took. place under 
traffic. Because of the cool weather remixing was not 
believed advisable and it was decided to apply a rather 
heavy seal to make up for the deficiency of tar in the 
mix. A tar seal was applied on the north portion 
(station 206 + 50 to 212+ 90) a few days after construc- 
tion, at the rate of 0.42 gallon, and covered with 15 
pounds of % to \% inch stone chips per square yard. 
The tar supply ran out at this point and the additional 
amount necessary to complete the job was not received 
for about 10 days. During this period the remainder 
of the section had become so raveled and displaced 
under traffic that remixing was considered necessary. 
This portion was first scarified or torn up with the blade 
grader and given an application of 0.30 gallon of tar 
per square yard. It was then remixed, spread, and 
rolled. 

Approximately two months later it was necessary to 
give the portion of the section that had been remixed a 
light seal treatment in order to close the surface to pre- 
vent the entrance of moisture. Prior to applying the 
seal, 15 pounds per square yard of % to % inch stone 
were spread on the surface, allowing traffic to force 
some of the particles into the mix. After two days the 
loose stone was swept to the sides and 0.23 gallon of tar 
applied. The stone was then respread over : the surface 
and rolled. 

The cost of constructing the bituminous surface of 
the section was 73.23 cents per square yard or $8,592 
per mile. 

Experiment 7, section C, stations 144+ 20 to 168 + 40.— 
This section corresponds to experiment 2, section C. 
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Ficgure 5.—EXAMPLES OF SURFACE APPEARANCE Six Monrus Arrer Construction. THE NUMBERS OF THE EXPERIMENTAL 
SEcTIONS ARE GIVEN ON THE PHOTOGRAPHS. XPERIMENTS 2-A AND 2-B: CRACKING AND RAVELING DURING SPRING OF 
1930 was CausED BY SOFTENING OF THE MARL BASE AS A RESULT oF MoistuRE. EXPERIMENT 3: SECTION IN EXCELLENT 
ConpiTI0on; Maru BAsE, WHILE SLigHTLY Damp, Hap Nor SorrenreD aS IN EXPERIMENTS 2-A AND 2-B. EXPERIMENT 4: 
SURFACE IN Goop ConpiTion, Excrerr FoR A FEw SMALL AREAS WHERE Maru Bast Has SOFTENED. XPERIMENT 6-A: IN 
EXCELLENT CoNnDITION; SAND-CLAY Base Morst, BUT ITS SUPPORTING VALUE APPARENTLY NOT AFFECTED. EXPERIMENT 
10: Goop Conpition DuE To Harty RE-TREATMENT, WHICH NO DouBT SAVED THE SECTION FROM CoMPLETE DISINTEGRATION 
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The method of construction and the amounts of material 
used per square yard were as follows: 

Penetration course: 2.3 inches compacted; 165 pounds of 1% 
to % inch stone, 30 pounds of 4 inch to dust and 1.11 gallons of 
asphalt emulsion. 

Seal: 0.25 gallon of the same bituminous material and 15 
pounds of % to ™% inch stone chips. 

The sand-clay base on this section was generally 
better than the average, as were the drainage conditions. 

The tar primer was applied at the rate of 0.34 gallon 
and gave an average penetration of 3 inch. 

Side forms were not used on this section. Otherwise 
the details of construction were essentially the same as 
those of the corresponding section on the marl base. 
As no mixing was done on this section the primed base 
was not disturbed during the construction of the bi- 
tuminous mat. The emulsion was applied at the rate 
of 0.32 gallon per square yard for the first application 
and 0.79 gallon for the second. As on experiment 2, 
section C, where similar materials and methods were 
used, an appreciable amount of the first application 
was carried off by the water used to wash it down into 
the fine stone cushion. After rolling, the section was 
comparatively rough and, while under traffic for about 
10 days, raveled considerably. Before the seal treat- 
ment was applied depressions and surface failures were 
repaired with emulsion and %-inch stone. The surface 
was then swept and 0.25 gallon of emulsion applied and 
covered with 15 pounds of % to \% inch stone. 

As on the other emulsion section, it was found that 
the emulsion had not penetrated the fine stone cushion. 

The cost of constructing the bituminous surface of 
this section was 84.55 cents per square yard or $9,920 
per mile. 

Experiment 8, stations 212+90 to 226+10.—This 
section corresponds to experiment 3. The method of 
construction and the amounts of material used? per 
square yard were as follows: 

Mix: 1.8 inches compacted; 154 pounds of %4 to 4 ineh stone ? / ) 

38 pounds % inch to dust, and 1.25 gallons of 85100 penetra- 
tion asphalt cut-back. 

Seal: No seal treatment was required. 

The sand-clay base on this section was very non- 
uniform and during construction compacted under 
traffic into strata which resulted in some scaling, es- 
pecially near the edges. All loose material was removed 
before priming. The prime coat was applied at the rate 
of 0.26 gallon per square yard. The section was con- 
structed similarly to the corresponding section on the 
marl base except that side forms were not used. The 
asphalt was spread in two applications at the rate of 
0.51 and 0.74 gallon per square yard, respectively. 
Before mixing was completed a heavy rain occurred 
but the mix was windrowed in the center and was 
therefore partially protected. Mixing was not resumed 
until the base was thoroughly dry. After the mix was 
shaped and partially rolled, but before it hardened, it 
was badly rutted by local traffic on the following day. 
On the next day the surface was loosened with a disk 
harrow, reshaped, and again rolled. Although the mix 
had become somewhat stiff no difficulty was encountered 
in obtaining a well compacted, close surface. <A seal 
was not considered necessary. 

The cost of constructing the bituminous surface of 
the section was 59.53 cents per square yard or $6,985 
per mile. 

Experiment 9, stations 226+ 10 to 238 + 80.—This sec- 
tion corresponds with experiment 4. The method of 

fect).—This section corresponds to experiment 5. 

construction and the amounts of material used per 
square yard were as follows: 

Mix: 1.8 inches compacted; 152 pounds of % to \% inch stone 
and 0.77 gallon 85-100 penetration cut-back. 

Seal: 0.29 gallon of the same bituminous material was applied 
and covered with 14 pounds of % to 4 inch stone chips. 

One month preceding the construction of this section 
the sand-clay base was plowed and scarified, and addi- 
tional clay binder was added. It was then machined 
and opened to traffic for compaction. At the time the 
surface was constructed it was in fair condition. 

The tar primer was applied at the rate of 0.27 gallon 
and the penetration averaged about %inch. Side forms 
were not used. 

The bituminous material was applied at the rate of 
0.77 gallon per square yard. In the 1% months follow- 
ing construction, during which time the section was 
under traffic before sealing, the surface raveled consider- 
ably, probably because of leanness as well as the lack of 
fine material necessary to give a well-graded mixture. 

Before the application of the seal coat, the loose stone 
was swept to the sides of the road. The bituminous 
material was then applied at the rate of 0.29 gallon per 
square yard, and the stone respread with an additional 
amount to make a total of 14 pounds per square yard. 
Rolling completed the treatment. 

The cost of constructing the bituminous surface of 
this section was 66.74 cents per square yard or $7,831 
per mile. 

SECTION GIVEN ORDINARY SURFACE TREATMENT 

Experiment 10, stations 158 +40 to 199+70 (less 170 
The 

method of construction and the amounts of material 
used per square yard were as follows: 

Forty-six hundredths gallon of 85-100 penetration asphalt cut 
back with naphtha and 52 pounds of 1% to % inch crushed 
stone. 

Retreatment: 0.32 gallon of the same bituminous material 
covered with the loose stone that had been whipped off by traffic, 
plus 13 pounds of *% to 4% inch crushed stone. 

The sand-clay base on this section was in only fair 
condition. At the time of construction it had compacted 
under traffic in layers and, in many widely distributed 
areas, some peeling occurred during sweeping, prepara- 
tory to application of the primer. 

Four days before the prime coat was applied the 
sand-clay surface was sprinkled with water and lightly 
machined. The tar primer was applied at the rate of 
0.29 gallon per square yard. The primed surface was 
in good condition when surface treated except for a few 
local areas where traffic had caused some flaking of the 
laminated sand-clay. Before treatment, such loosened 
material was removed and the uncovered areas painted 
with 85-100 penetration asphalt cut-back. The sur- 
face treatment consisted of applying 0.46 gallon of the 
asphalt and 52 pounds of 1% to 4 inch stone per square 
vard. The section was then thoroughly rolled. Dur- 
ing rolling considerable failure of the sand-clay base 
occurred. On many widely scattered areas the upper 
portion of the base, which before treatment had 
appeared stable, separated from the lower portion and 
worked up through the cover stone. Under traffic 
these areas quickly disintegrated and whipped off 
Jeaving the base exposed. 

As the number of areas failing in this manner was so 
numerous that it was deemed impractical to patch each 
one, a portion of the section was selected for experi- 
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mentation to devise a satisfactory method of correcting 
the failure. The portion so selected was between sta- 
tions 179+ 20 and 184+ 15, which was probably in the 
worst condition of any of the section. The loose stone, 
estimated at about 25 pounds per square yard, was 
swept to the sides and an application of 0.32 gallon of the 
asphalt cut-back applied, after which the stone was 
respread with 10 pounds additional. This treatment 
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proved satisfactory and the remainder of the section 
was treated in the same manner, except that the new 
stone added was *% to \ inch, spread at the rate of 13 
pounds per square yard, and the amount of bituminous 
material used was 0.31 gallon per square yard. 

The cost of constructing this surface treatment, 
including the re-treatment, was 29.44 cents per square 
yard or $3,454 per mile. 

DISCUSSION OF RESULTS OBTAINED 

SEAL COAT NECESSARY WITH COARSER AGGREGATES 

The open surface obtained on experiments 1 and 6, 
sections A and B, on which 1% to \% inch stone was 
combined with the stone screenings graded from \ inch 
down, indicated that the 20 per cent of fine aggregate 
used was not sufficient to close the voids in the large 
size stone and that a seal coat was necessary. On ex- 
periments 3 and 8, where the % to \% 
combined with the fine aggregate in the same propor- 
tion, a close mix was obtained which did not require a 
seal treatment. For the coarser stone it is believed 
that at least 30 per cent of fines would have been neces- 
sary in order to produce a surface similar to that ob- 
tained with the *% inch to dust. 

On experiments 2 and 7, sections A and B, on which 
1% to % inch stone was used and on experiments 4 and 
9 on which % to \% inch stone was used without the 
addition of fines, the original plan was to close the sur- 
face with a key course, using % to 4% inch stone. This 
was found to be impractical as the surfaces were not 
sufficiently open and the addition of stone of this size 
would not have filled the surface voids but would 
merely have added thickness to the mat. It was de- 
cided that, for this type of construction and size of 
aggregate, a better method would be to omit the key 
course and use a fine aggregate as a seal treatment in 
order to insure a closed surface. This type of treat- 
ment was therefore used on these sections. 

MIXING METHODS DISCUSSED 

In the original design no mention was made of the 
method of mixing. It was thought that in those sec- 
tions where the fines were to be added to the coarse 
aggregate some difficulty might be encountered be- 
cause of segregation, particularly if a drag were used 
in the mixing. To prevent this it was decided to treat 
the coarse stone with a light application of bituminous 
material before adding the fines. Although this method 
of applying the fines was thought necessary for the drag 
mixing, it would have not been necessary where mixing 
was done with a blade machine. For this method of 
construction a crusher-run stone could probably have 
been used equally as well and at less cost. 

The cut-back asphalt used in this work was manu- 
factured under the same specification as that used for 
surface treatment work and mixed-in-place construc- 
tion where sand-clay and topsoil material are used as 
aggregates. Although no construction difficulty was 
encountered in the use of this material, there are rea- 
sons to believe that had it been of higher viseosity it 
would have proved more satisfactory in that a greater 
film thickness of bitumen on the stone would have been 
obtained, a condition which is probably desirable with 
the coarser aggregates. Another advantage of using 
the higher viscosity is that less distillate would be re- 
quired, resulting in a somewhat cheaper material. The 
viscosity of the material used on this work ranged from 

inch stone was. 

about 23 to 37, Engler, at 50° C.. From experience in 
other States on similar work, it is believed that a ma- 
terial of at least 50 viscosity could have been used. 

In building a surface mat by the mixed-in-place 
method it is very important, particularly when using 
asphaltic materials of the cut-back type, to have the 
mix in a condition of tackiness before compacting it 
either by traffic or by rolling. This is best accomplished 
by spreading and shaping the mix immediately after 
mixing and allowing sufficient time to lapse before roll- 
ing in order that the light distillates may evaporate. 
Another method commonly used is that of windrowing 
the material immediately after mixing and leaving it to 
cure before spreading and rolling. This latter method 
requires a longer curing period, is likely to cause segre- 
gation at the time of spreading and, in general, has 
not proved as satisfactory as the first method, as well 
as being somewhat more costly. There is also a possi- 
bility of some of the bituminous material draining to 
the bottom of the windrow, causing the mix to be non- 
uniform and resulting in fat and lean streaks in the 
surface after the roadway is opened to traffic. 

Experience has shown that a smoother and more 
stable surface can be obtained in the early life of the 
pavement by either of these two plans than can be 
obtained when the mix is laid and rolled before the 
proper tackiness has developed. Rolling the mix be- 
fore an appreciable amount of the light distillate has 
volatilized results in this material being trapped in the 
mix, causing it to remain unstable for some time. It 
is believed that on a considerable amount of mixed-in- 
place construction with cut-back asphalt, compacting 
the mix immediately after mixing without sufficient 
time for curing has resulted in early shoving and often 
in unsatisfactory surface behavior of the mat. 

The % to 4% inch stone used as cover material was 
not altogether satisfactory. A smaller size stone 
would have proved more satisfactory from the stand- 
point of waterproofing the surface. However, the 
larger size cover resulted in added thickness and in the 
formation of a somewhat rough mat with some of the 
larger stone projecting, rendering the pavement more 
skid proof. 

ALTERNATIVE METHODS OF SURFACE TREATMENT DESCRIBED 

In view of the difficulty experienced during construc- 
tion of the surface treatment on the sand-clay because 
of the scaly, raveled condition, it is probable that a 
better method of applying a surface treatment, par- 
ticularly for this base condition, would be to apply the 
heavy binding material in two applications so that the 
second application would heal any breaks in the first. 
The treatment might consist of spreading 0.2 gallon of 
binder over the prime coat and covering with stone, 
rolling, and then spreading the remaining 0.3 gallon, 
followed by a covering of key stone and rolling. <A 
seal coat treatment could be applied later as required. 
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Figure 6.—Typicat EXAMPLES OF SURFACE ConpiTION DURING THE SPRING OF 1931. THE NUMBERS OF THE EXPERIMENTAL 
Srcrions ARE GIVEN ON THE PHOTOGRAPHS 
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TABLE 9.—Cost of construction 

[Cost in cents per square yard] 

experiment OUMpers-2..2----2- 5-5. 1 y) Se ie 4 Biel | 6 | 7 8 ) 10 

x ; = Ge, eres zt E ie pee 
| | | | | | 

SO HONS 2 oe OR Sees eee A | B A | AO) nee lee cece eas A Boni can t|t 6 Cary 9 Eee 

aes ae | Ms Lee ia 
Area, square yards__-- -. ...--.------ 2,951 | 2,493 | 3,275 | 2,755 | 3,111 | 2,933 | 2,987 | 2,933 | 3,144 | 2,669 | 2,711 | 2,933 | 3,156 | 2,933 | 2,822 | 8,800 

it ES eo) | zoe | | | i 

"TE Sig ONG) ol AT alee Oe er i Marl Sand-clay 

: F A ; ; Pene- ; ; Surface | | Pence ‘Surface 
Type of construction--.---.--------- Mix |-Mix | Mix } Mix | : Mix | Mix | treat- | Mix | Mix | Mix | Mix ai Mix | Mix | treat- 

tration | tration | 
ment | ment 

| | | 

60-70 85-100 85-100 Asphalt ; | 60-70 | 85-100 | 85-100 | Asphalt ' 
Bituminous materials used__-__.__-- cut- | cut- | cut- | coe emule oo 10? yen te Cut eats | ecdtse) cut pee emul- |85-100 pore etoe cut- 

back | back | back sion back | back | back | sion EG 
-| |. : =| | = pty 

| | 

ITEMS OF CONSTRUCTION | | | | 

Preparation of base--_-.-.---------- 0.31] 1.28| 1.36/°0.40| 0.30] 0.45| 0.621 1.60| 1.60| 270] 0.89| 276| 0.84] 1.64] 1249] 1,24 
Prime treatment in place_----.----- 3.65 | 3.63 4.10 3. 88 3.69 4.01 38. 54 4, 48 4,39 6.16 | 3.92 3, 35 4.58 | 3.41 3. 62 3. 92 

| | = : =|} } ; | 
Mixed material: | | 

Aggregate in place-_--- Sesto Baeees 35. 05 36. 77 32. 66 33. 50 37. 34 34. 96 QO UGicn ee 38.00 | 38.52 34.10 | 31.64) 40.07 | 34.95 | 29.46 |.-.-__- 
Bituminous material in place--- 7.96 | 7.69 Delos lana te eoleed 8. 90 baaGs|eeee eee 8.74} 8.13 De Saiel2.OONMOLS a Tone eOooe § CDnTG: eee. 
Mixing and shapingese-- = =--2|) 2.004Ri G.28<) 93.1301 |1 07.86) 1,424 2778 |) 2.85012) 8.84) 3.27") 8.12) 6.20) 166) 232) 1.96 12... 
PROMI S Stee eae eee ea anes 1.49 2.50} 3.12 1. 42 4,85 Eel PO | Ree 1.30 | 2.10 2.69 | 2.27 4.69 | 1.15 1.78 (peecmse 

Total cost of mixed material--|. 46. 50 52.24 | 44,21 57. 50 64. 92 | 48, 04 BORO 7 tea al 51. 38 | 62. 02 45.65 51.89 | 64.14) 47.74 BS. 9onlesseees 

Surface treatment: | re 
| | 

Aggregate in place. -_----------- = De nae BEM ea ode 
ITU TTIT OCS ALON al Tags) se CO nen mene mmr rere memes oe | Cetecrereee oe Te mee epee gees || een ure SRS el eS Se OTA S28 eae SES oe ce ese a ceateele Ses eee ees 5. 84 
IRV a ee ee eee |e aoe a 53 

Total cost of surface treatment - hp hg eels oJ] Paes ere Deena 18. 82 

Seal treatment: ; 5 
Bituminous material in place- -- ALS ae See oe 2, 13\eaneees 
Aggregate in place.._----------- 2509) eee 2280) |e Ss 
MROMing eee see ae as eee Aine ete ack eee eee 

Total cost of seal treatment -_- CSS ek ee ie DaOgn|aeeenes 

Incidentals: | | 
GPMSo a Ss Sle Se ses ae 05 .78 07 . 22 32 95 SLB ese cel) @ 2304 eK eee | aera | oe ete el |e oe | P= 

Shoulderste2 sees eee ease. 1.82 1. 91 8.44) 4.21 ve! 1, 44 65 | 16 1. 05 . 90 67 49 27 60 33 08 
DW CMUtrArOseese = - seta = oe ee | = ih 65) > 8 215 .75 .75 .75 nto 5h) .16 75 PCO EE may CO 75 75 75 
InNgiNGOMIN Gs = 46 soso sec eee a ae Hees OS ist fale 7) 2. 02 2.15 1.55 1.41 Sie 1.85 1.83 1560) 22865) 2515 1.51 | 1.70 75 
vMiscellaneouSs cw. 2 esses == = 3. 88 3. 88 3.88 | 3.88 3. 88 3. 88 3. 88 3. 88 3. 88 3. 88 3.88 3. 88 | 3.88 3.88 3. 88 3. 88 

| |— — —— = 
Total cost of incidentals----_- 8.18 |} 9.17) 14.93 | 11.08 7. 84 8. 57 6. 84 5. 61 9. 57 7. 52 6.90 | 6.98 7. 05 6. 74 6. 66 5. 46 

Total cost per square yard-------__- | 66.12 | 72.58 | 70.34) 79.40| 84.62 | 61.07| 55.46 | 28.47| 72.53) 72.10| 62.86 | 73.23 | 84.55! 59.53 | 66.74 | 20.44 
Cost per mile, 20-foot width_.__-_---_| $7,758 | $8, 516 | $8,253 | $9,316 | $9,928 | $7,165 | $6,507 | $3,340 | $8,510 | $8, 459 | $7, 375 | $8, 592 $9,920 $6,985 | $7,831 | $3, 454 

| ee | 

Another method of meeting the difficulty of loose 
subgrade in the case of light surface treatment would 
be to treat the surface of the base. For example, a 
heavier prime coat might be used, followed by light 
surface mixing and rolling if necessary. It is probably 
often the case that the soil can be so treated or the 
treatment of soil roads can be so modified that light 
bituminous wearing surfaces can be constructed with- 
out expensive rebuilding of the subgrade. 

Because of the experimental character of the sections 
and their relatively short lengths, the cost as shown in 
Table 9 naturally was higher than that of constructing 
any one section of a considerable length. The type of 
construction used on these experiments offers an op- 
portunity for the use of mechanical equipment, thereby 
reducing hand labor to a minimum with a correspond- 
ing reduction in cost. As indicated in the description 
of the various sections, considerable hand labor was 
employed. 

MAINTENANCE AND EARLY BEHAVIOR 

A record of the maintenance costs on the different 
sections of this project are given in Table 10. Inspec- 
tion of the project has been made at various intervals 
and the comparative behavior is shown by the illustra- 
tions accompanying this article and in the following 
discussion. 

During the spring following the construction all the 
sections on the marl base, excepting experiment No. 5, 
the plain surface treatment, experiment No. 3, % to \ 
inch stone plus fines, and experiment No. 4, % to \ 
inch stone without the fines, had developed extensive 
cracking and presented, to a considerable extent, an 
‘‘allivator-hide” appearance. This condition wasfound 
to be due to the softening of the marl base caused by 
capillary as well as surface moisture. The presence of 
the prime coat on the marl did not seem to prevent the 
upward movement of moisture through the base. The 
upper surface of the marl which had been penetrated 
by the primer was also softened and contained a high 
percentage of moisture. 

All of the experiments on the sand-clay were found 
to be in excellent condition. Examination of this base 
showed that it contained as much moisture as the marl, 
and sometimes more, but the primed surface had not 
been affected by the moisture. The stable crust formed 
by the primer had to a large extent prevented the up- 
ward movement of the base moisture into the bitumi- 
nous wearing surface. 
A later inspection, made during the summer of 1930, 

showed that both the marl and the sand-clay bases 
had to a great extent dried out and that the marl 
had hardened considerably. It was thought possible 
that, as the base support of the sections constructed 
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TABLE 10.—Cost of maintenance from October, 1929, to December, 1930 

Original construction August-September, 1929 Maintenance costs 

i Uy seca a October- | January- 
Experiment No. tion Type of base Cost per Cost per | December, | December, Pore 

No. Bituminous material Type of surface Size of aggregate square mile 20 feet | 1929—Per | 1930—Per per year 
yard wide square square 

yard yard 

Inches Cents Cents Cents 
AS ai Gr] > ae eee Asphalt, cut-back_____ IMiixGdise Stee ere Tig duist eee ae 66. 12 $7, 758 0. 00 0. 82 $77 
Beto GOMES ott pee Ca Kapa agi «en Ls Se Se REE Os ee ee ee eee ees G02. See es 72. 58 8, 516 aL 1.48 150 
Ave ey aie: dOte ie eee Gx ee oe ee a ae doo See ee Dey eee eee 70. 34 8, 253 05 1.10 108 
Babee ea mare YY Se ASS AT eS co (a pee RS ee ee eek Ee 79:40 9, 316 10 1. 74 173 

| ~G@. jhe =. 2dot=5*2 5-22) Asphalt emulsion=-© —| “Penetration= = -~ 2222 114-dust-_-____._-- 84. 62 9, 928 00 4,21 395 
ri Met | Le S08 G0lgs- oe ee) ASphaliieut-batk= = oye s se 2tae sees ao eC eee oe 61.07 7, 165 15 Al 37 
= ata es One Se ed OF eae ee ee Se gue ees Wee Se oe 1 ere 55. 46 6, 507 00 1. 64 154 
Fs Peele GOs ees a ed 0b ee ee ew Surface treatmentooses|) 134-17 oe eee 28. 47 3, 340 10 4. 29 413 

woe te lL tapos et Sa cec ee ee Se Se ee | Ce a a ae | er |e | 177 

\ Sand clayoee S21 Ss. GOL? eee ee Miedo. st sels Sore 144-dust_._....-- 72. 53 8, 510 . 08 44 49 
By Oe es Eee G02 ae ee ee Qe ee one wea ee 05 ee 72. 10 8, 459 11 1.09 113 
A eae (Veer Sa oe ee GOS R ee eee eee | ee Ogee eee Ly aeeeen se 62. 86 7, 345 .10 1.381 132 

ish (eee dors wees ate <: <saee oe are |e eee COWS see = teen eet y G0yeee ae 73. 23 8, 592 . 00 1.18 lil 
Ga ee do aaa Asphalt emulsion___.-| Penetration.....__-_--- 144-dust_____---- 84. 55 9, 920 .19 1. 05 117 

oe Pi se a Gh aes. Asphalt cut-back____-- Mixed 59. 53 6, 985 . 09 33 39 
[ere ae ee lee ee ae ES Gouge sees ae d 66. 74 7, 831 . 00 92 86 
fet Sa OS GON es Se |e Ole ee eee (Urtacestreatment 29. 44 3. 454 . 22 1. 69 179 

Average !_-___- Se ae Ie oon eebeck bs callbe sess ds Jeon boesnchoeden|Le lash al pose a ceed poe se a eo ek een | eee ae | ee | 111 

1 Average weighted for lengths of experimental sections. 

on the marl base increased, the cracks which had devel- 
oped during the winter would heal under the summer 
traffic. During the fall it was evident that little or no 
healing bad occurred, although no new cracks had 
developed during the summer. 

During the following winter of 1930-31 a repetition 
of the same conditions occurred on the marl base and 
an inspection of the project made during the spring 
of 1931 showed that the cracking had increased, the 
old cracks had become wider and, in some few areas, 
raveling had started to a limited extent. The surface 
of the three experiments on the marl base that were not 
affected during the first winter were still in good 
condition and comparable with those on the sand- 
clay base. 

A comparison of the various experiments, based on 
their past behavior and their condition in the spring of 
1931, shows that those constructed on the sand-clay 
base are far better than those on the marl, except for 
experiments Nos. 5, 3, and 4, which compare favorably 
with those on the sand-clay base. A rating of the 
experiments based on their present surface condition 
is given in Table 11. 

The surface maintenance of the various experimental 
sections has consisted of hand patching in certain local 
areas Where failures have occurred. Prior to the sum- 
mer of 1931 no re-treatments had been made on any of 
the experiments. The data given in Table 10 show the 
average maintenance costs for the experiments on the 
marl base to be $177 per mile per year while the main- 
tenance cost for those on the sand-clay base has been 
$111 per mile per year. Although these costs indicate 
a distinct superiority on the part of the sand-clay base, 
the true merits of the two types of base are not fully 
shown by these figures, as the experiments constructed on 
the sand-clay will require no great amount of mainte- 
nance in the near future while the experiments con- 
structed: on the marl base, with the exception of 
experiments 3, 4, and 5 will probably require some type 
of re-treatment. 

Two types of re-treatment of these surfaces were 
considered and were tried out experimentally during 
the summer of 1931. Under one of these methods the 
present surface is scarified and remixed with additional 

TABLE 11.—Relative ratings of experimental sections 

MIXED-IN-PLACE ON SAND-CLAY BASE 

1—Experiment 8, %4 to \% inch stone plus fines, 85-100 penetra- 
tion asphalt cut-back. 

2—Experiment 6, Section B, 1% to 4% inch stone plus fines, 85- 
100 penetration asphalt cut-back. 

3—Experiment 6, section A, 1% to \% inch stone plus fines, 60-70 
penetration asphalt cut-back. 

4—Experiment 9, section A, % to 4% inch stone, no fines, 85-100 
penetration asphalt cut-back. 

5—Experiment 7, section B, 14 to 4 inch stone, no fines, 25-35 
viscosity tar. 

5—Experiment 7, section A, 14% to % inch stone, no fines, 85-100 
penetration apshalt cut-back. ; 

6—Experiment 7, section C, 1% to % inch stone plus fines, as- 
phalt emulsion. 

MIXED-IN-PLACE ON MARL BASE 

1—Experiment 3, same as experiment 8. 
2—Experiment 4, same as experiment 9. 
3—Experiment 1, section A, same as experiment 6, section A. 
3—Experiment 1, section B, same as experiment 6, section B. 
4—Experiment 2, section A, same as experiment 7, section A. 
4—Experiment 2, section B, same as experiment 7, section B. 
5—Experiment 2, section C, same as experiment 7, section C. 

[LSURFACESTREATMENT 

Experiment No. 5, on marl base, and experiment No. 10, on 
sand-clay base, were both in excellent condition. There was no 
noticeable difference in the condition of the two experiments. 

bituminous material, after which the mixture is again 
spread and rolled. Under the other method a light 
surface treatment is applied to the surface of the exist- 
ing experiment. From the early results of these two 
types of treatments the better method will be selected 
for re-treating the remainder of the experiments on the 
marl base which are in need of re-treatment. 

The unsatisfactory condition of the majority of the 
experiments constructed on the marl base has been 
caused by the softening of this material during the wet 
winter months. Evidently this material, the analysis of 
which is given on page 217, is not suitable for base con- 
struction where the moisture conditions are as unfavor- 
able as they are in the locality in which this project was 
constructed. It is possible that with a higher elevation 
of the road surface and deeper drainage ditches, which 
would no doubt reduce the capillary moisture, the be- 
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Figure 7.—TyYpPicaL EXAMPLES OF SURFACE ConpDITION DURING THE SPRING OF 1981. 
Sections ARE GIVEN ON THE PHOTOGRAPHS 

THe NUMBERS OF THE EXPERIMENTAL 
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Figure 8.—Typicat EXAMPLES OF SURFACE CONDITION DURING THE SPRING OF 1931. 
Srecrions ARE GIVEN ON THE PHOTOGRAPHS 

Tue NUMBERS OF THE EXPERIMENTAL 
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havior of the marl base would have been more satis- 
factory. The application of the tar prime coat was not 
effective in preventing the movement of moisture 
through the marl base, as that portion of the base which 
had been penetrated. by the prime was softened by 
moisture the same as the untreated material. 

In the case of the sand-clay the condition was 
strikingly different, as that portion of the base which had 
been penetrated by the prime remained firm and hard 
and apparently was not affected by the action of mois- 
ture. Although the base underneath the primed sur- 
face contains a high percentage of moisture during the 
winter months, it “has thus far retained its supporting 
power, so that no surface failures have occurred. 

Considerable difficulty was experienced during con- 
struction because of the poorly bonded surface of this 
sand-clay. This material probably would not have been 
suitable for a sand-clay road during dry weather. How- 
ever, upon application of the prime and construction 
of the bituminous wearing surface, enough moisture 
was retained in the sand-clay to bond it properly and 
render it entirely suitable as a base. 

During recent years it has been the belief that for a 
clay-bonded material to serve satisfactorily as a base, 
the proportions of clay and granular material should 
be such that, as a wearing surface, it would remain 
stable in wet weather and have the minimum amount of 
raveling in dry weather. In view of the results thus far 
obtained from this and other similar experiments, 
definite indications are that the amount of clay re- 
quired to prevent raveling in dry weather is excessive 
when used as a base for bituminous surfacing and that 
no more clay should be used than that amount which 
will produce a stable surface in wet weather. 
The behavior of these experiments to date has shown 

conclusively that, where a surface mat is constructed 
on a low-type nonrigid base, a richer and more plastic 
mat is required than for a more rigid type. At this time 
there are also indications that under these same condi- 
tions a thin mat has an advantage over a thicker mat. 
The good behavior of the surface treatments on both 
types of base may not be entirely due to the thickness, 
as this type of surface is considerably higher in bitumen 
than the mixed sections. Although the percentage of 
bitumen used in the mixed sections would in no case 

equal the amount used in the surface treatment, it is 
believed that a higher percentage of bitumen would have 
resulted in more favorable behavior of these mixed 
sections. 

Although the results thus far obtained from these 
experiments show little or no difference between the 
different grades of asphalt used, it is believed that a 
preference should be given to those of higher penetra- 
tion where a nonrigid type base is used. 

CONCLUSIONS SUMMARIZED 

Although these experimental sections have not been 
in service long enough to warrant drawing definite con- 
clusions, their early behavior and present surface con- 
ditions appear to justify the following statements. 

1. The minimum amount of clay binder is desirable 
in sand-clay and gravel material when used for base 
construction for bituminous wearing surfaces, except 
under arid conditions, when a larger percentage of this 
material may be used. The bonding of the immediate 
surface of a base composed of granular material to make 
it suitable for the construction of the bituminous 
wearing surface may be accomplished by the use of a 
heavier prime application, together with such mixing, 
smoothing, and rolling as may be necessary, rather than 
by the addition of clay material. The maximum per- 
centage of clay in bases for these types of surfaces 
should be limited to that amount which will produce a 
good wearing surface in wet weather. 

2. Although there is considerable difference in the 
composition of marl, which affects its resistance to 
moisture, the general use of this material for base con- 
struction should be limited to areas where moisture 
conditions are most favorable. 

3. A thin rich mat of the surface-treatment type 
seems to offer advantages over the thicker mat when 
used on a nonrigid base, because of its ability to adjust 
itself more readily to such movements as may occur in 
the base. 

For a wearing surface consisting of a relatively thick 
bituminous mat, such as was used on the majority of 
these experiments, a richer, more plastic mixture is 
necessary than is required when the base is of a more 
rigid type. On this project an insufficient amount of 
bituminous material was used in the mixed sections. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publicationsin 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 

Report of the Chief of the Bureau of Public Roads, 1925. 

Report of the Chief of the Bureau of Public Roads, 1927. 

Report of the Chief of the Bureau of Public Roads, 1928. 

Report of the Chief of the Bureau of Public Roads, 1929. 

Report of the Chief of the Bureau of Public Roads, 1930. 

DEPARTMENT BULLETINS 

No. *136D Highway Bonds. 20c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10ce. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULAR 

No. 381C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 

TECHNICAL BULLETIN 

No. 55T. Highway Bridge Surveys. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 10836Y. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

MISCELLANEOUS CIRCULARS 

No. 62MC. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93MC. Direct Production Costs of Broken Stone. 25ce. 

109MC. Federal Legislation and Regulations Relating to the 
Improvement of Federal-Aid Roads and National- 
Forest Roads and Trails, Flood Relief, and Mis- 
cellaneous Matters. 

MISCELLANEOUS PUBLICATION 

No. 76MP. The Results of Physical Tests of Road-Building 
Rock. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 

Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. (1928) 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D— 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 

* Department supply exhausted. 
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